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1
SUBSTRATE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Patent
Application No. 2011-151650 filed on Jul. 8, 2011 and U.S.
Provisional Application Ser. No. 61/523,911 filed on Aug.
16, 2011, the entire disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present disclosure relates to a substrate processing
apparatus that performs a required process on a processing
target substrate such as a semiconductor wafer, a liquid
crystal substrate, or a solar cell substrate, which is provided
within a processing chamber while supplying a gas to the
substrate.

BACKGROUND OF THE INVENTION

As one of this kind of substrate processing apparatuses,
there is known a parallel place type plasma processing
apparatus in which a lower electrode and an upper electrode
are arranged in parallel to each other in a processing
chamber. In this apparatus, the lower electrode also serves as
a mounting table for mounting thereon a processing target
substrate (hereinafter, simply referred to as a “substrate™)
such as a semiconductor wafer, and the upper electrode
serves as a shower head for discharging a gas toward the
substrate. This plasma processing apparatus is configured to
generate plasma by applying a high frequency power
between the upper and lower electrodes after supplying a gas
onto the substrate from the shower head, and is configured
to perform a certain process such as a film forming process
or an etching process by the plasma.

As for such a plasma processing apparatus, in order to
improve uniformity of the substrate process in a surface of
the substrate, it has been proposed to partition an inside of
the shower head into plural gas rooms and connect gas
supply lines to the gas rooms, respectively (see, for example,
Patent Documents 1 and 2). By way of example, with this
configuration, by discharging a gas onto the substrate from
gas holes in a vicinity of a center portion of the substrate
(center gas holes) and gas holes in a vicinity of an edge
portion of the substrate (edge gas holes), gas concentrations
in the surface of the substrate can be locally adjusted.
Accordingly, the uniformity of the substrate process such as
etching process in she surface of the substrate can be
improved.

Patent Document 1: Japanese Patent Laid-open Publica-
tion No. HO8-158072

Patent Document 2: Japanese Patent Laid-open Publica-
tion No. H09-045624

Patent Document 3: Japanese Patent Laid-open Publica-
tion No. H10-064888

The gases discharged from the respective gas holes of the
shower head are gradually diffused downward. Accordingly,
like Patent Documents 1 and 2, if the gas is discharged from
the center gas holes and the edge gas holes, the gas dis-
charged from the edge gas holes may be diffused to the
central portion of the substrate depending on the positions of
the edge gas holes. In such a case, the process on the edge
portion of the substrate may not be controlled accurately.

By way of example, in Patent Documents 1 and 2, this
problem is not particularly mentioned, and the center gas
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holes and the edge gas holes are uniformly arranged, and
discharging openings of the center and edge gas holes are
formed on the same flat plane. Accordingly, as the distance
between the discharging openings of the edge gas holes and
the substrate increases, the diffusing range of the gas dis-
charged from the edge gas holes also becomes increased,
and the influence on the process on the central portion of the
substrate is also increased. As a result, controllability of the
process on the edge portion of the substrate is deteriorated.

Further, in Patent Document 3, it is described that a
thickness of a central portion of a gas diffusion plate having
gas holes is set to be smaller than a thickness of an edge
portion of the gas diffusion plate in order to improve heating
efficiency of the gas diffusion plate. With this configuration,
since the positions of gas holes on the edge portion thereof
are located at positions lower than those of the gas holes
provided on the central portion thereof, diffusion of a gas
discharged from the gas holes provided on the edge portion
may be suppressed.

Patent Document 3, however, does not describe the dif-
fusion of the gas discharged from the gas holes provided on
the edge portion. Furthermore, Patent Document 3 is mainly
focused on improving the heating efficiency of the gas
diffusion plate.

Accordingly, in order to obtain uniform mass of the gas
diffusion plate over the central portion and the edge portion
of the gas diffusion plate even when the thickness of the
central portion of the gas diffusion plate is set to be small,
the gas holes on the edge portion are set to be larger than the
gas holes on the center portion. As a consequence, the
diffusing range of the gas discharged from the gas holes on
the edge portion is more increased. Accordingly, the influ-
ence on the process on the central portion of the substrate is
increased.

BRIEF SUMMARY OF THE INVENTION

In view of the foregoing problems, illustrative embodi-
ments provide a substrate processing apparatus capable of
suppressing a gas discharged from an edge gas holes from
being diffused to the central portion of the substrate in a
processing chamber when gases are supplied from a center
gas holes and the edge gas holes, respectively.

In accordance with one aspect of an illustrative embodi-
ment, there is provided a substrate processing apparatus for
performing a process on a substrate disposed within a
processing chamber by supplying a gas to the substrate. The
substrate processing apparatus includes a gas introducing
unit configured to supply one kind of gas or different kinds
of gases to a center region and an edge region of the
substrate. Further, the gas introducing unit includes a center
gas inlet section having a multiple number of gas holes for
a center gas to be supplied toward the center region of the
substrate; an edge gas inlet section having a multiple number
of gas holes for an edge gas to be supplied toward the edge
region of the substrate and surrounding the center gas inlet
section; and an edge gas discharging position adjusting unit
configured to adjust a horizontal position or a vertical
position of edge gas discharging openings from which the
edge gas is discharged through the gas holes of the edge gas
inlet section.

With this configuration, by adjusting the horizontal posi-
tion or the vertical position of the edge gas discharging
openings through the edge gas discharging position adjust-
ing unit, it is possible to suppress the diffusion of the edge
gas toward the central portion of the wafer W. Accordingly,
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controllability of a process on the edge region of the
substrate by the edge gas can be improved.

Further, the edge gas discharging position adjusting unit
may be configured to adjust a vertical position of the edge
gas discharging openings by providing a gas hole formation
plate having gas holes communicating with the gas holes of
the edge gas inlet section at a bottom surface of the edge gas
inlet section. With this configuration, by adjusting the ver-
tical position of the edge gas discharging openings, a dis-
tance between the edge gas discharging openings and the
substrate can be decreased. Accordingly, a diffusing range of
the edge gas can be reduced, so that diffusion of the edge gas
toward the central portion of the substrate can be suppressed.

In this case, the gas hole formation plate may be detach-
able provided at the bottom surface of the edge gas inlet
section, and the vertical position of the edge gas discharging
openings may be adjusted by varying a thickness of the gas
hole formation plate. Further, the gas hole formation plate
may be provided at the bottom surface of the edge gas inlet
section to be vertically movable, and the vertical position of
the edge gas discharging openings may be adjusted by
vertically moving the gas hole formation plate.

The edge gas discharging position adjusting unit may
include a multiple number of rows of gas holes annularly
arranged in the edge gas inlet seer ion from the inner side of
the edge gas inlet section toward the outer side thereof, and
the horizontal position of the edge gas discharging openings
may be adjusted by selecting a row of the gas holes. With
this configuration, by selecting the row of gas holes for
discharging the edge gas, the edge gas can be discharged
from a more outer position. Accordingly, diffusion of the
edge gas toward the central portion of the substrate can be
suppressed, so that controllability of a process on the edge
region of the substrate by the edge gas can be improved.

In accordance with another aspect of the illustrative
embodiment, there is provided a substrate processing appa-
ratus for performing a process on a substrate mounted on a
mounting table within a processing chamber by supplying a
gas to the substrate. The substrate processing apparatus
includes a gas introducing unit configured to supply one
kind of gas or different kinds of gases to a center region and
an edge region of the substrate. Further, the gas introducing
unit includes a center gas inlet section having a multiple
number of gas holes for a center gas to be supplied toward
the center region of the substrate; an edge gas inlet section
having a multiple number of gas holes for an edge gas to be
supplied toward the edge region of the substrate and sur-
rounding the center gas inlet section; and an edge gas
discharging position adjusting unit configured to adjust both
a horizontal position and a vertical position of edge gas
discharging openings from which the edge gas is discharged
through the gas holes of the edge gas inlet section.

With this configuration, by adjusting both the horizontal
position and the vertical position of the edge gas discharging
openings through the edge gas discharging position adjust-
ing unit, diffusion of the edge gas toward the central portion
of the substrate can be suppressed. Consequently, control-
lability of a process on the edge region of the substrate by
the edge gas can be improved.

The edge gas discharging position adjusting unit may
include a multiple number of rows of gas holes annularly
arranged in the edge gas inlet section from the inner side of
the edge gas inlet section toward the outer side thereof, and
may be configured to supply the edge gas by selecting a row
of'the gas holes. The edge gas discharging position adjusting
unit may also include a gas hole formation plate having gas
holes respectively communicating with the gas holes of the
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4

edge gas inlet section. Further, the gas hole formation plate
may be provided at a bottom surface of the edge gas inlet
section, and the edge gas discharging position adjusting unit
may be configured to adjust both a vertical position and a
horizontal position of the edge gas discharging openings.

In this case, the gas hole formation plate may be detach-
ably provided at the bottom surface of the edge gas inlet
section, and the vertical position of the edge gas discharging
openings may be adjusted by varying a thickness of the gas
hole formation plate. Further, the gas hole formation plate
may be provided at the bottom surface of the edge gas inlet
section to be vertically movable, and the vertical position of
the edge gas discharging openings may be adjusted by
vertically moving the gas hole formation plate. The diameter
of the gas hole for the edge gas may be smaller than the
diameter of the gas hole for the center gas.

In accordance with the illustrative embodiment, when
supplying gases into the processing chamber from the gas
holes for the center gas and the gas holes for the edge gas
independently, respectively, by adjusting the horizontal
position and/or the vertical position of the edge gas dis-
charging openings, the edge gas can be suppressed from
being diffused toward the center region of the substrate.
Accordingly, controllability of a process on the edge region
of the substrate by the edge gas can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments will be
described in conjunction with the accompanying drawings.
Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are,
therefore, not to be intended to limit its scope, the disclosure
will be described with specificity and detail through use of
the accompanying drawings, in which;

FIG. 1 is a cross sectional view schematically illustrating
a configuration of a substrate processing apparatus in accor-
dance with a first illustrative embodiment;

FIG. 2 is a cross sectional view schematically illustrating
a configuration of an upper electrode in accordance with a
comparative example;

FIG. 3 is a cross sectional view schematically illustrating
a configuration of an upper electrode in accordance with the
first illustrative embodiment;

FIG. 4 is a graph showing an experimental result for
investigating an effect when a vertical position of an edge
gas discharging opening is changed;

FIG. 5 is a graph showing a full width at half maximum
calculated for the curve on the graph of FIG. 4 and indicates
the degree of gas diffusion;

FIG. 6A is a graph showing an etching rate when only a
processing gas including an etching gas is introduced in the
first illustrative embodiment;

FIG. 6B is a graph showing a deposition rate when only
an additional gas including a deposition gas is introduced in
the first illustrative embodiment;

FIG. 6C is a graph showing an etching rate when the
etching gas of FIG. 6 A and the deposition gas of FIG. 6B are
introduced in the first illustrative embodiment;

FIG. 7 is a cross sectional view illustrating a modification
example of the upper electrode shown in FIG. 3;

FIG. 8A is a diagram for describing an operation of the
upper electrode shown in FIG. 7 in a configuration where a
gas hole formation plate is positioned at an upper position;

FIG. 8B is a diagram for describing an operation of the
upper electrode shown in FI1G. 7 in a configuration where the
gas hole formation plate is moved to a lower position;



US 9,460,893 B2

5

FIG. 9 is a cross sectional view schematically illustrating
a configuration of an upper electrode of a substrate process-
ing apparatus in accordance with a second illustrative
embodiment;

FIG. 10A is a diagram for describing an operation of the
upper electrode shown in FIG. 9 when an edge gas is
discharged from the innermost gas holes;

FIG. 10B is a diagram for describing an operation of the
upper electrode shown in FIG. 9 when an edge gas is
discharged from the outermost gas holes;

FIG. 11 is a cross sectional view illustrating a modifica-
tion example of the upper electrode shown in FIG. 9; and

FIG. 12 is a cross sectional view illustrating another
modification example of the upper electrode shown in FIG.
9.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, illustrative embodiments will be described in
detail with reference to the accompanying drawings.
Throughout the specification and she drawings, parts having
substantially same functions and configurations will be
assigned same reference numerals, and redundant descrip-
tion will be omitted.

First Illustrative Embodiment

A substrate processing apparatus in accordance with a first
illustrative embodiment will be described with reference to
the accompanying drawings. By way of example, the first
illustrative embodiment is described for a capacitively
coupled substrate processing apparatus having a parallel
plate electrode structure in which an upper electrode and a
lower electrode (susceptor) are arranged in a processing
chamber to face each other and a processing gas is intro-
duced into the processing chamber from the upper electrode.
FIG. 1 is a cross sectional view schematically illustrating a
configuration of a substrate processing apparatus 100 in
accordance with the first illustrative embodiment.

As illustrated in FIG. 1, the substrate processing apparatus
100 includes a substantially cylindrical processing chamber
102 made of a conductive material such as aluminum. The
processing chamber 102 is electrically grounded. A mount-
ing table 110 for mounting thereon a substrate, e.g., a
semiconductor wafer (hereinafter, simply referred to as a
“wafer W”) is provided within the processing chamber 102.

The mounting table 110 has a substantially columnar
shape and includes a susceptor 116 serving as the lower
electrode. The susceptor 116 is supported on a cylindrical
susceptor supporting table 114 via an insulating plate 112
made of e.g., a ceramic. The susceptor supporting table 114
is disposed at a bottom portion of the processing chamber
102.

On a top surface of the susceptor 116, there is provided an
electrostatic chuck 220 that attracts and holds a wafer W by
an electrostatic force. The electrostatic chuck 120 includes
an electrode 122 made of a conductive film and embedded
in a pair of insulating layers or insulating sheets. The
electrode 122 is electrically connected to a DC power supply
124. If a DC voltage is applied to the electrode 122 from the
DC power supply 124, an electrostatic force such as a
Coulomb force is generated in a top surface of the electro-
static chuck 120, and the wafer W is attracted and held on
the electrostatic chuck 120 by the electrostatic force.
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6

A focus ring 126 is disposed on the susceptor 116 to
surround the wafer W mounted on the electrostatic chuck
120. The focus ring 126 is made of a conductive material
(e.g., silicon).

A temperature control path 128 is formed within the
susceptor supporting table 114 along the circumference of
the susceptor supporting table 114. A temperature control
medium (e.g., cooling water) is supplied into and circulated
in the temperature control path 128 from a non-illustrated
temperature control unit. The temperature of the wafer W on
the susceptor 116 can be adjusted by the temperature of the
temperature control medium.

Further, a heat transfer gas (e.g., a He gas) from a
non-illustrated heat transfer gas supply unit is supplied
between the top surface of the electrostatic chuck 120 and a
rear surface of the wafer W from a heat transfer gas supply
line 129.

A power supply device 130 that supplies dual frequency
powers is connected to the susceptor 116 serving as the
lower electrode. The power supply device 130 includes a
first high frequency power supply 132 configured to supply
a first high frequency power of a first frequency (a high
frequency power for plasma generation); and a second high
frequency power supply 134 configured to supply a second
high frequency power of a second frequency (a high fre-
quency power for bias voltage generation). The first and
second high frequency power supplies 132 and 134 are
electrically connected with the susceptor 116 via first and
second matching devices 133 and 135, respectively.

The first and second matching devices 133 and 135 are
configured to match a load impedance to internal (or output)
impedances of the first and second high frequency power
supplies 132 and 134, respectively. When plasma is gener-
ated within the processing chamber 102, the first and second
matching devices 133 and 135 serve to make the internal
impedances of the first and second high frequency power
supplies 132 and 134 and the load impedance be apparently
matched to each other.

The first high frequency power supply 132 outputs a high
frequency power of a frequency higher than or equal to, e.g.,
about 27 MHz (e.g., about 40 MHz). The second high
frequency power supply 134 outputs a high frequency power
of a frequency lower than or equal to, e.g., about 13.56 MHz
(e.g., about 2 MHz).

An upper electrode 200 is provided at a top portion of the
processing chamber 102 to face the susceptor 116 as the
lower electrode in parallel. The upper electrode 200 may be
electrically grounded, as shown in FIG. 1, or may be
connected with a non-illustrated variable DC power supply,
so that a DC current may be applied to the upper electrode
200.

The upper electrode 200 is configured to serve as a gas
introducing unit (shower head) capable of introducing one
kind of gas or different kinds of gases toward a central
region and an edge region of the wafer W. This upper
electrode 200 includes a center gas inlet section 204 having
a multiple number of gas holes 212 through which center
gases are supplied toward the center region of the wafer W;
and an annular edge gas inlet section 206 having a multi-
plicity of gas holes 214 through which edge gases are
supplied toward the edge region of the wafer W.

In accordance with the present illustrative embodiment, in
the upper electrode 200, there is provided an edge gas
discharging position adjusting unit for adjusting positions of
the edge gas discharging openings in order to suppress
diffusion of the edge gas toward the central portion of the
wafer W. Here, the edge gas is discharged through the gas
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holes 214 of the edge gas inlet section 206. By way of
example, in FIG. 1, as the edge gas discharging position
adjusting unit, a gas hole formation plate 230 having gas
holes 232 communicating with the gas holes 214 individu-
ally is provided at a bottom surface of the edge gas inlet
section 206. A more detailed configuration of the upper
electrode 200 including such an edge gas discharging posi-
tion adjusting unit will be explained later.

An exhaust port 104 is formed at a bottom of the pro-
cessing chamber 102, and by evacuating the processing
chamber 102 through an exhaust device 106 connected to
the exhaust port 104, the inside of the processing chamber
102 can be maintained at a certain vacuum level. A gate
valve G is provided at a sidewall of the processing chamber
102. After opening the gate valve G, the wafer W can be
loaded into or unloaded from the processing chamber 102.

The substrate processing apparatus 100 includes a con-
troller 150 that controls the overall operation of the appa-
ratus. The controller 150 is connected with a manipulation
unit 152 that includes a keyboard through which an operator
inputs commands to manage the substrate processing appa-
ratus 100, a display that visually displays an operational
status of the substrate processing apparatus 100, and so
forth.

The controller 150 is also connected with a storage unit
154 that stores therein programs for implementing various
processes performed in the substrate processing apparatus
100 under the control of the controller 150; or processing
conditions (recipes) necessary for executing the programs.

By way of example, the storage unit 154 stores first and
second processing conditions (recipes) to be described later.
The processing conditions include multiple parameter val-
ues such as control parameters for controlling each compo-
nent of the substrate processing apparatus 100, setup param-
eters, and so forth. For example, each processing condition
may include parameter values such as a flow rate ratio of
processing gases, an internal pressure of the processing
chamber, a high frequency power, and so forth.

Further, these programs and the processing conditions
may be stored in a hard disk or a semiconductor memory, or
may be set in a certain area of the storage unit 154 while
stored in a computer-readable portable storage medium such
as a CD-ROM or a DVD.

The controller 150 reads out a necessary program or
processing conditions from the storage unit 154 in response
to, e.g., an instruction from the manipulation unit 152, and
controls each component of the substrate processing appa-
ratus 100, thereby implementing a required process in the
substrate processing apparatus 100. The processing condi-
tions can be edited through the manipulation unit 152.

(Configuration Example of Upper Electrode as Gas Intro-
ducing Unit)

Here, a configuration example of the upper electrode 200
in accordance with the first illustrative embodiment will be
explained. The upper electrode 200 is provided at a ceiling
portion of the processing chamber 102 via a shield ring 202
that covers a periphery portion of the upper electrode 200.

Here, the upper electrode 200 is configured as a gas
introducing unit capable of introducing one kind of gas or
different kinds of gases toward the center region of the wafer
W mounted on the mounting table 110 and toward the edge
region of the wafer W around she center region individually.

To elaborate, the upper electrode 200 includes the center
gas inlet section 204 having a substantially circular plate
shape and the annular edge gas inlet section 206 surrounding
the center gas inlet section 204. The center gas inlet section
204 has the multiple number of gas holes 212 through which
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the center gases are supplied toward the center region of the
wafer W, and the edge gas inlet section 206 has the multi-
plicity of gas holes 214 through which the edge gases are
supplied toward the edge region of the wafer W.

The center gas inlet section 204 and the edge gas inlet
section 206 may be formed as a single body or as separate
bodies. The present illustrative embodiment is described for
the example when the center gas inlet section 204 and the
edge gas inlet section 206 are formed as a single body as
shown in FIG. 1.

When the center gas inlet section 204 and the edge gas
inlet section 206 are formed as a single body, a substantially
circular plate-shaped electrode plate 210 is provided over
the center gas inlet section 204 and the edge gas inlet section
206, and the electrode plate 210 is detachably supported on
an electrode supporting member 220 as shown in FIG. 1. In
this configuration, the electrode supporting member 220 is
made of, but not limited to, a metal such as aluminum, and
the electrode plate 210 is made of, but not limited to, a
silicon-containing material such as quartz (SiO,), SiC or
SiN.

A substantially circular plate-shaped space is formed
within the electrode supporting member 220. This space is
divided by an annular partition wall member 225 into a
substantially circular plate-shaped center buffer room 222
into which the center gas is supplied; and an annular edge
buffer room 224 into which the edge gas is supplied. The
center gas and the edge gas discharged from a gas supply
device 300 are individually supplied into the buffer rooms
222 and 224, respectively.

The gas holes 212 for the center gas are formed in the
center gas inlet section 204 to be extended from the center
buffer room 222 to a bottom surface of the electrode plate
210. The gas holes 212 for the center gas are arranged to
discharge the gas toward the center region of the wafer W.

The gas holes 214 for the edge gas are formed in the edge
gas inlet section 206 to be extended from the edge buffer
room 224 to the bottom surface of the electrode plate 210.
The gas holes 214 for the edge gas are arranged to discharge
the gas toward the edge region of the wafer W.

With this configuration, the center gas and the edge gas
supplied from the gas supply device 300 are supplied into
the center buffer room 222 and the edge buffer room 224,
respectively, and diffused therein. The center gas and the
edge gas are discharged toward the center region and the
edge region of the wafer W through the gas holes 212 and
the gas holes 214, respectively. In the first present illustrative
embodiment, positions of the edge gas discharging openings
of the gas holes 214 for the edge gas are adjustable, as will
be described in detail later.

Further, these buffer rooms 222 and 224 may be formed
by dividing the circular-plated shaped space by the annular
partition wall member 225, as depicted in FIG. 1, or may be
formed as separate spaces without providing the annular
partition wall member 225. By way of example, when the
center gas inlet section 204 and the edge gas inlet section
206 are formed as separate bodies, the buffer rooms 222 and
224 may be formed within the center gas inlet section 204
and the edge gas inlet section 206, respectively. Further, in
FIG. 1, although a first electrode plate provided under the
center gas inlet section 204 and a second electrode plate
provided under the edge gas inlet section 206 are formed of
the single electrode plate 210, the illustrative embodiment is
not limited thereto. For example, when the center gas inlet
section 204 and the edge gas inlet section 206 are formed as
a single body as well as when the center gas inlet section 204
and the edge gas inlet section 206 are formed as separate
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bodies, the first electrode plate provided under the center gas
inlet section 204 and the second electrode place provided
under the edge gas inlet section 206 may be formed as
separate bodies.

(Gas Supply Device)

Now, the gas supply device 300 will be explained with
reference to the accompanying drawings. FIG. 1 illustrates
an example when a processing gas from a processing gas
supply unit 310 is split into a center gas and an edge gas, and
an additional gas can be added to she edge gas. With this
configuration, it is possible to supply one kind of gas or
different kinds of gases to the center gas inlet section 204
and the edge gas inlet section 206 individually.

The gas supply device 300 shown in FIG. 1 includes the
processing gas supply unit 310 configured to supply a
processing gas for performing a certain process such as a
film forming process or an etching process on the wafer W;
and an additional gas supply unit 320 configured to supply
an additional gas. The processing gas supply unit 310 is
connected with a processing gas supply line 302, and an
opening/closing valve 312 for turning on and off the supply
of the processing gas from the processing gas supply unit
310 is provided on the processing gas supply line 302.

The processing gas supply line 302 is branched into a first
branch line 304 and a second branch line 306. With this
configuration, the processing gas flowing in the processing
gas supply line 302 is branched into the center gas flowing
in the first branch line 304 and the edge gas flowing in the
second branch line 306. The first and second branch lines
304 and 306 are connected to the center buffer room 222 and
the edge buffer room 224 of the upper electrode 200,
respectively.

An additional gas supply line 308 for supplying the
additional gas from the additional gas supply unit 320 is
connected to the second branch line 306. An opening/closing
valve 322 for turning on and off the supply of the additional
gas from the additional gas supply unit 320 is provided on
the additional gas supply line 308.

Further, a non-illustrated branch flow controller (flow
splitter) is provided at a junction point between the first and
second branch lines 304 and 306 to adjust branch flows
within the first and second branch lines 304 and 306 based
on internal pressures of the first and second branch lines 304
and 306.

The processing gas supply unit 310 may include a single
gas supply source or may include a multiple number of gas
supply sources. If it includes a single gas supply source, a
line of the single gas supply source is directly connected to
the processing gas supply line 302. If the processing gas
supply unit 310 includes the multiple number of gas supply
sources, on the other hand, individual lines of those gas
supply sources are connected to the processing gas supply
line 302 such that gases flowing in the individual lines join
each other. An opening/closing valve for turning on and off
the supply of a gas and a mass flow controller for controlling
a flow rate of the gas are provided on each of the lines of the
individual gas supply sources.

With this processing gas supply unit 310, a gas from the
single gas supply source or gases from the multiple number
gas supply sources flows into the processing gas supply line
302 at a certain flow rate or at a certain flow rate ratio. The
gas supply source of the processing gas supply unit 310 may
be configured to supply a fluorocarbon-based fluorine com-
pound C,F, such as CF,, C,F,, C,Fq, CFy as an etching
gas. Further, the gas supply source of the processing gas
supply unit 310 may further include a gas, such as an O, gas,
for controlling deposition of a CF-based reaction product; a
rare gas (e.g., an Ar gas) as a carrier gas; and so forth.

The additional gas supply unit 320 may include a single
gas supply source or a multiple number of gas supply
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sources that are independent from the gas supply source of
the processing gas supply unit 310. If the additional gas
supply unit 320 includes a single gas supply source, a line
of the single gas supply source is directly connected to the
additional gas supply line 308. If the additional gas supply
unit 320 includes the multiple number of gas supply sources,
on the other hand, individual lines of those gas supply
sources are connected to the additional gas supply line 308
such chat gases flowing in the individual lines join each
other. An opening/closing valve for turning on and off the
supply of a gas and a mass flow controller for controlling a
flow rate of the gas are provided on each of the lines of the
individual gas supply sources.

With this additional gas supply unit 320, a gas from the
single gas supply source or gases from the multiple number
gas supply sources flows into the additional gas supply line
303 at a certain flow rate or at a certain flow rate ratio and,
then, supplied into the second branch line 306. Further, the
gas supply source of the additional gas supply unit 320 may
be configured to supply the same kind of gas as that of the
processing gas supply unit 310 or different kinds of gases.

With the gas supply device 300 having the above-de-
scribed configuration, the processing gas from the process-
ing gas supply unit 310 is split into the center gas and the
edge gas by the first branch line 304 and the second branch
line 306. At this time, if the branch flow controller (e.g., flow
splitter) is provided, the branch flows of the center and edge
gases are adjusted by the branch flow controller.

The processing gas branched into the first branch line 304
is introduced into the center buffer room 222 as the center
gas, and the processing gas branched into the second branch
line 306 is introduced into the edge buffer room 224 as the
edge gas.

At this time, if an additional gas is supplied from the
additional gas supply unit 320, the additional gas is mixed
with the processing gas in the second branch line 306 after
passing through additional gas supply line 308.

Then, the center gas introduced into the center buffer
room 222 is discharged toward the center region of the wafer
W through the gas holes 212, and the edge gas introduced
into the edge buffer room 224 is discharged toward the edge
region of the wafer W through the gas holes 214. Accord-
ingly, it is possible to locally control a process on the edge
region of the wafer W with respect to the center region of the
wafer W.

Here, the gases supplied into the processing chamber 102
through the gas holes 212 and 214 may be diffused down-
ward. Thus, depending on positions of the edge gas dis-
charging openings, the edge gas discharged from the edge
gas discharging openings may be diffused to the center
region of the wafer W. In such a case, the edge region of the
wafer w may not be locally controlled.

Accordingly, in accordance with the present illustrative
embodiment, by providing the edge gas discharging position
adjusting unit and adjusting the positions of the edge gas
discharging openings, it is possible to control a diffusion
state of the edge gas. As a result, it is possible to suppress
the diffusion of the edge gas to the center region of the wafer
W. Such an edge gas discharging position adjusting unit may
be configured to adjust the vertical position and/or the
horizontal position of the edge gas discharging openings.

In the upper electrode 200 shown in FIG. 1, an example
edge gas discharging position adjusting unit configured to
adjust the vertical position of the edge gas discharging
openings is illustrated. To elaborate, the gas hole formation
plate 230 having the gas holes 232 communicating with the
gas holes 214 of the edge gas inlet section 206 is provided
at the bottom surface of the edge gas inlet section 206. The
gas hole formation plate 230 is made of, for example, an



US 9,460,893 B2

11

annular plate-shaped, member as shown in FIG. 1 not to
block the gas flow of the center gas inlet section 204.

With this configuration, by adjusting the thickness of the
gas hole formation plate 230, the edge gas discharging
openings can be moved downward as much as the thickness
of the gas hole formation plate 230. Accordingly, the dis-
tance between the edge gas discharging openings and the
wafer W can be shortened, so that the edge gas can be
suppressed, from being diffused toward the center region of
the wafer W.

(Relationship Between Positions of Edge Gas Discharg-
ing Openings and Diffusion State)

Hereinafter, a relationship between the positions of the
edge gas discharging openings and diffusion state will be
explained in detail in comparison with a comparative
example shown in FIG. 2. FIG. 2 is a diagram for describing
an upper electrode in accordance with the comparative
example and illustrates a configuration in which a gas hole
formation plate 230 is not provided. FIG. 3 is a diagram for
describing the upper electrode in accordance with the pres-
ent illustrative embodiment and illustrates a configuration in
which the gas hole formation plate 230 is provided. FIG. 3
is a diagram corresponding to FIG. 2 and schematically
illustrates a configuration of the upper electrode and the
lower electrode shown in FIG. 1.

Since an upper electrode 200 in accordance with the
comparative example shown in FIG. 2 does not have a gas
hole formation plate 230, center gas discharging openings
(outlets of gas holes 212) and edge gas discharging openings
(outlets of gas holes 214) are all formed on the same plane,
i.e., on a flat bottom surface of an electrode plate 210. Since
an edge gas is diffused until it reaches the wafer W, as the
edge gas discharging openings are more closely located to
the center gas discharging openings in this configuration,
diffusion of the edge gas toward the center region of the
wafer becomes increased.

In contrast, in the upper electrode 200 in accordance with
the present illustrative embodiment shown in FIG. 3, by
providing the gas hole formation plate 230 having the gas
holes 232 communicating with the gas holes 214, outlets of
the gas holes 232 serve as edge gas discharging openings.
Thus, the edge gas discharging openings are moved to the
bottom surface of the gas hole formation plate 230. Accord-
ingly, the vertical position of the edge gas discharging
openings can be located lower than those of the center gas
positions as much as the thickness of the gas hole formation
plate 230. With this configuration, the distance d between
the edge gas discharging openings and the wafer W can be
shortened. Accordingly, the edge gas can reach the wafer W
before it is diffused too widely. In this way, diffusion of the
edge gas can be suppressed, and the edge gas can be
suppressed from being diffused toward the center region of
the wafer W.

In the upper electrode 200 shown in FIG. 3, the gas hole
formation plate 230 is detachable provided at the bottom
surface of the edge gas inlet section 206 (here, the bottom
surface of the electrode plate 210) by a fastening member
such as bolts or screws. Accordingly, by using gas hole
formation plates 230 having different thicknesses and by
replacing them, vertical position of the edge gas discharging
openings can be adjusted as much as the thicknesses of the
gas hole formation plates 230.

Further, in FIG. 3, although the gas holes 232 of the gas
hole formation plate 230 are formed to have the same
diameter as that of the gas holes 214 of the electrode plate
210 and the centers of the gas holes 232 coincide with the
centers of the gas holes 214 of the electrode plate 210, the
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illustrative embodiment is not limited thereto. The diameter
of'the gas holes 232 of the gas hole formation plate 230 may
be set to be smaller than the diameter of the gas holes 214
of the electrode plate 210. In such a case, since the dis-
charging rate of the edge gas increases, diffusion of the edge
gas can be suppressed. As a result, the edge gas can be
suppressed from being diffused more efficiently.

Now, an experimental result of investigating an effect of
varying vertical position of edge gas discharging openings
will be explained with reference to FIGS. 4 and 5. In this
experiment, by performing an etching process on an oxide
film formed on a wafer W while varying a distance between
the edge gas discharging openings and the wafer W, a
variation in the gas diffusion state from the edge gas
discharging openings is detected based on a variation in an
etching rate of the oxide film.

In this experiment, in order to obtain an experimental
result only by an edge gas while removing influence of a
center gas, the upper electrode 200 in which the center gas
discharging openings and the edge gas discharging openings
are formed on the same plane as shown in FIG. 2 is used.
That is, when setting a distance (GAP) between the bottom
surface (where the discharging openings are located) of the
electrode plate 210 and the wafer W to be about 50 mm,
about 40 mm, about 30 mm and about 22 mm, an etching
rate A of the oxide film and an etching rate B of the oxide
film are detected, respectively. Here, the etching rate A is
detected when an etching gas is discharged only from the
center gas discharging openings, and the etching rate B is
detected when the etching gas is discharged from both the
center gas discharging openings and the edge gas discharg-
ing openings at the same tlow rates (at a flow ratio of about
1:1).

For each of the GAPs (about 50 mm, about 40 mm, about
30 mm and about 22 mm), by subtracting the etching rate A
(only by the center gas) from the etching rate B (by both the
center gas and the edge gas), an etching rate C of the oxide
film is calculated, which indicates a diffusion state of the gas
discharged only from the edge gas discharging openings.

FIG. 4 is a graph obtained by performing a curve fitting
of the etching rates C of the oxide film through a certain
diffusion equation. Here, the curve fitting is performed by
assuming that, using a wafer W having a diameter of about
300 mm, edge gas discharging openings are positioned
directly above a position of about =150 mm and about +150
mm on the wafer W with respect to a center of the water W
set as zero (0). The diffusion equation is expressed as Eq.
(D).
In Eq. (1), f(x) is obtained by performing a curve fitting
of the diffusion state of the gas discharged from edge gas
discharging openings positioned directly above the position
of about —150 mm on the wafer W, as shown in Eq. (2). In
Eq. (1), g(x) is obtained by performing a curve fitting of the
diffusion state of the gas discharged from edge gas discharg-
ing openings positioned directly above the position of about
+150 mm on the wafer W, as depicted in Eq. (3). In Eq. (2)
and Eq. (3), a and b represent integers.

y=fx)+g(x) Eq. (1)
Ax)=axexp(-(x+150)/b) Eq. (2)
gx)=axexp(-(x-150)/b) Eq. 3)

Further, for more clear understanding of the variation by
each of the GAPs in FIG. 4, FIG. 5 provides a graph by
calculating FWHM (Full Width at Half Maximum) values
for the curve of the etching rate for each GAP. In FIG. 5, the
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curve fitting (e.g., f(x)) is performed on the diffusion state of
the gas discharged from one of the edge gas discharging
openings through the diffusion equation. To elaborate, the
graph of FIG. 5 is obtained by plotting widths (full widths
at half maximums) at %2 heights of peak heights H of the
curve obtained by performing the curve fitting. Accordingly,
in FIG. 5, as the FWHM value is smaller, it implies that the
gas diffusion is suppressed.

According to the experimental result provided in FIG. 4,
as the distance (GAP) between the edge gas discharging
openings and the wafer W decreases from about 50 mm to
about 40 mm, about 30 mm and about 22 mm, the etching
rate at the center region of the wafer W is decreased. In FIG.
5, as the distance (GAP) between the edge gas discharging
openings and the wafer W decreases, the FWHM value is
also decreased. From these results, it is found out that as the
distance (GAP) between the edge gas discharging openings
and the wafer W decreases, the gas diffusion coward the
center region of the wafer W can be suppressed.

As described above, in accordance with the present illus-
trative embodiment, as illustrated in FIGS. 1 and 3, by
disposing the gas hole formation plate 230 on the bottom
surface of the edge gas inlet section 206 and adjusting the
vertical position of the edge gas discharging openings, the
edge gas can be suppressed from being diffused toward the
center region of the wafer W. Accordingly, when locally
controlling a process on the edge region of the wafer W with
respect to the center region of the wafer W, controllability
can be improved.

By way of example, when a target film on the wafer W is
etched by supplying an etching gas having low deposition
property from the processing gas supply unit 310 as a
processing gas, if an etching rate at the edge region of the
wafer W tends to be higher than an etching rate at the center
region of the wafer W, as illustrated in FIG. 6A, a deposition
gas having high deposition property is supplied from the
additional gas supply unit 320 to the edge region of the
wafer W as an additional gas.

At this time, by lowering the vertical position of the edge
gas discharging openings through the gas hole formation
plate 230, the distance between the edge gas discharging
openings and the wafer W can be shortened. As a result, the
gas diffusion to the center region of the wafer W can be
suppressed. Accordingly, as shown in FIG. 6B, it is possible
to control a deposition rate at the edge region of the wafer
W to become higher than a deposition rate at the center
region of the wafer W with high controllability. As a result,
as shown in FIG. 6C, the etching rates at the center region
and the edge region of the wafer W can be substantially
same, so that process uniformity in the entire surface of the
wafer W can be improved.

(Modification Example of First Illustrative Embodiment)

Now, a modification example of the first illustrative
embodiment will be explained with reference to the accom-
panying drawings. FIG. 7 is a cross sectional view illustrat-
ing a configuration of an upper electrode 200 in accordance
with the modification example of the present illustrative
embodiment. FIGS. 1 and 3 has been described when the gas
hole formation plate 230 is detachably provided at the
bottom surface of the edge gas inlet section 206 as the edge
gas discharging position adjusting unit. In this modification
example, the gas hole formation plate 230 is configured to
be vertically movable.

In the upper electrode 200 shown in FIG. 7, an electrode
plate 210 provided on a bottom surface of a center gas inlet
section 204 is formed to have the substantially same size as
that of the center gas inlet section 204. A gas hole formation
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plate 230 is provided at a bottom surface of an edge gas inlet
section 206 (bottom surface of an electrode supporting
member 220) to be vertically movable.

The gas hole formation plate 230 is supported on the
bottom surface of the edge gas inlet section 206 by a bellows
244. The bellows 244 includes a small-diameter bellows
2444 and a large-diameter bellows 2445 that are concentri-
cally arranged. Upper ends of the small-diameter bellows
2444 and the large-diameter bellows 2445 are fastened to the
bottom surface of the electrode supporting member 220,
while lower ends thereof are fastened to a top surface of the
gas hole formation plate 230. With this configuration, a
space within the bellows 244 above the gas hole formation
plate 230 (i.e., a space between the small-diameter bellows
2444 and the large-diameter bellows 244b) can be isolated
from the external space.

In the space within the bellows 244, there are provided
flexible tubes 246 that allow the gas holes of the gas hole
formation plate 230 to communicate with corresponding gas
holes 214 of the edge gas inlet section 206. With this
configuration, an edge gas is introduced into the flexible
tubes 246 and discharged from the gas holes 232 of the gas
hole formation plate 230.

An elevation driving unit is provided at the gas hole
formation plate 230 to move the gas hole formation plate
230 up and down. The elevation driving unit may include,
for example, a motor 240 having a vertically movable rod
242, as shown in FIG. 7. In this case, the motor 240 is
fastened to the electrode supporting member 220, and the
rod 242 is protruded downward from the motor 240 through
the electrode supporting member 220 and placed within the
bellows 244. The gas hole formation plate 230 is connected
with a leading end of the rod 242. The elevation driving unit
may not be limited to the example shown in FIG. 7. By way
of non-limiting example, an air cylinder may be used as the
elevation driving unit.

As illustrated in FIG. 7, when providing the gas hole
formation plate 230 on the bottom surface of the electrode
supporting member 220, a lower portion of the electrode
supporting member 220 corresponding to the edge gas inlet
section 206 may be cut away to form a space in which the
bellows 244 or the flexible tubes 246 are accommodated
when the bellows 244 is contracted.

Further, in FIG. 7, although the flexible tubes 246 are
illustrated as tubes that allow the gas holes 232 of the gas
hole formation plate 230 to communicate with the gas holes
214 of the edge gas inlet section 206, for example, the
illustrative embodiment is not limited thereto. By way of
example, other types of tubes may be used as long as the
tubes are flexible when the bellows 244 is extended and
contracted by moving up and down the gas hole formation
plate 230.

Now, an operation of the upper electrode 200 of FIG. 7
having the above-described configuration will be described
with reference to the accompanying drawings. FIGS. 8A and
8B are diagram for describing the operations. In FIG. 8A,
the gas hole formation plate 230 is located at an upper
position. At this position, the edge gas discharging openings
are located on she same plane as the center gas discharging
openings. Accordingly, the edge gas is diffused like the
center gas, and reaches the wafer W.

If the gas hole formation plate 230 is moved downward
from the position shown in FIG. 8 A by driving the motor 240
under the control of the controller 150, the edge gas dis-
charging openings can be moved down, as illustrated in FIG.
8B. Accordingly, the edge gas can reach the wafer W while
diffusion of the edge gas to the center region of the wafer W
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is suppressed. Thus, the edge gas can be suppressed from
being diffused to the center region of the wafer W.

As stated above, in the upper electrode 200 shown in FIG.
7, the gas hole formation plate 230 can be moved up and
down by the motor 240. Accordingly, the vertical position of
the edge gas discharging openings can be adjusted as
required.

Here, the gas hole formation plate 230 may be made of the
same material (e.g., a silicon-containing material such as
quartz (Si0,), SiC or SiN) as that of the electrode plate 210
of the center gas inlet section 204, or may be made of a
different material (e.g., alumina or yttrium) from that of the
electrode plate 210. Further, the gas hole formation plate 230
may be used as an electrode plate 210 of she edge gas inlet
section 206. In such a case, it is desirable that the gas hole
formation plate 230 may be made of the same material as
that of the electrode plate 210 of the center gas inlet section
204.

Second Illustrative Embodiment

Now, a second illustrative embodiment will be explained
with reference to the accompanying drawings. Here, an
example of an edge gas discharging position adjusting unit
configured to adjust a horizontal position of edge gas
discharging openings will be explained. FIG. 9 is a cross
sectional view illustrating a configuration of an upper elec-
trode of a substrate processing apparatus in accordance with
the second illustrative embodiment.

In this illustrative embodiment, the edge gas discharging
position adjusting unit may include multiple rows of gas
holes, and the rows of gas holes are annularly provided in an
edge gas inlet section 206 from the inner side of the edge gas
inlet section 206 toward the outer side thereof. By selecting
one or more row of gas holes, the edge gas can be supplied
through a selected row of gas holes. With this configuration,
by adjusting the horizontal position of the edge gas dis-
charging openings, it is possible to discharge the edge gas
from discharging openings located at a more outer position.

In the upper electrode 200 shown in FIG. 9, three rows of
gas holes 214a, 2145 and 214c¢ are formed in the edge gas
inlet section 206 from the inner side toward the outer side
thereof. The gas holes 214a, 2145 and 214c in respective
rows are annularly arranged. Further, the number of rows of
the gas holes formed in the edge gas inset section 206 may
not be limited to three, as in FIG. 9, but it may be two or
more than three.

The gas holes 214a, 2145 and 214¢ communicate with
edge buffer rooms 224a, 2245 and 224c¢ corresponding to the
rows of the gas holes 214a, 2145 and 214c, respectively. The
edge buffer rooms 224a, 2245 and 224¢ are formed around
a center buffer room 222 while isolated from each other. An
edge gas can be independently supplied into the edge buffer
rooms 224a, 224b and 224c, and it is also possible to select
edge gases to be supplied into the respective edge buffer
rooms 224a, 224b and 224c.

To elaborate, as illustrated in FIG. 9, a second branch line
306 is branched into branch lines 3064, 3065 and 306¢, and
these three branch lines 3064, 3065 and 306¢ are connected
to the edge buffer rooms 224a, 2245 and 224c¢, respectively.
Opening/closing valves 307a, 3075 and 307¢ are provided
on the branch lines 306a, 3065 and 306c¢, respectively. By
opening/closing the opening/closing valves 307a, 3075 and
307c¢, the edge buffer rooms 224a, 224b and 224¢ into which
the edge gas is supplied can be selected.

Moreover, the edge buffer rooms 224a, 2245 and 224c
may be formed by partitioning a single circular plate-shaped
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space through annular partition wall members 225a, 2256
and 225¢, as shown in FIG. 9, or may be formed as separate
spaces.

An operation of the upper electrode 200 of FIG. 9 having
the above-described configuration will be explained with
reference to the accompanying drawings. FIGS. 10A and
10B are cross sectional views for illustrating an operation of
the upper electrode shown in FIG. 9. FIG. 10A illustrates a
case in which an edge gas is discharged from the innermost
gas holes 2144, and FIG. 10B illustrates a case in which the
edge gas is discharged from the outermost gas holes 214c.

As depicted in FIG. 10A, when discharging the edge gas
from the gas holes 2144, the opening/closing valves 3075
and 307c¢ are closed while the opening/closing valve 307a is
opened under the control of a controller 150. Accordingly,
the gas from the second branch line 306 is supplied into and
diffused in the edge buffer room 224q via the branch line
306a and then is discharged from the gas holes 214a.

As shown in FIG. 10B, when discharging the edge gas
from the gas holes 214¢, the opening/closing valves 307a
and 3075 are closed while the opening/closing valve 307¢ is
opened under the control of the controller 150. Accordingly,
the gas from the second branch line 306 is supplied into and
diffused in the edge buffer room 224c¢ via the branch line
306¢ and then is discharged from the as the gas holes 214c.
Further, though not shown, when discharging the edge gas
from the gas holes 2145, the opening/closing valves 307a
and 307c¢ are closed while the opening/closing valve 3075 is
opened under the control of the controller 150.

As stated above, in the upper electrode 200 shown in FIG.
9, by opening and closing the opening/closing valves 307a,
3075 and 307¢ through the controller 150, one of the edge
buffer rooms 224a, 2245 and 224c¢ into which the edge gas
is to be supplied is selected. Accordingly, it is possible to
select one or more of the rows of the gas holes 214a, 2145
and 214c¢ and discharge the edge gas from the selected row
of gas holes 214qa, 2145 and 214c.

In this way, since the horizontal position of the edge gas
discharging openings can be adjusted, the edge gas can be
suppressed from being diffused to the center region of a
wafer W. In this illustrative embodiment, by discharging the
edge gas from more outer gas holes, the edge gas can be
more suppressed from being diffused to the center region of
the wafer W. Accordingly, when locally controlling a pro-
cess on an edge region of the wafer W with respect to the
center region of the wafer W, controllability can be
improved.

Furthermore, the edge gas discharging position adjusting
unit in the first illustrative embodiment is configured to
adjust only the vertical position of the edge gas discharging
openings, and the edge gas discharging position adjusting
unit in the second illustrative embodiment is configured to
adjust only the horizontal position of the edge gas discharg-
ing openings. However, the illustrative embodiments are not
limited thereto, and an edge gas discharging position adjust-
ing unit may be configured to adjust both the vertical
position and the horizontal position of edge gas discharging
openings, as illustrated in FIGS. 11 and 12.

In an upper electrode 200 shown in FIG. 11, the gas hole
formation plate 230 as shown in FIG. 3 for adjusting the
vertical position of the edge gas discharging openings is
applied to the edge gas inlet section 200 shown in FIG. 9
configured to adjust the horizontal position of the edge gas
discharging openings.

To elaborate, as depicted in FIG. 11, gas holes 2324, 2325
and 232¢ corresponding to gas holes 214a, 2145 and 214¢ of
an edge gas inlet section 206 respectively are formed in a gas
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hole formation plate 230. The gas hole formation plate 230
is provided at a bottom surface of the edge gas inlet section
206 (i.e., a bottom surface of an electrode plate 210) such
that the gas holes 232a, 2325 and 232¢ communicate with
the gas holes 214qa, 2145 and 214c¢, respectively. In accor-
dance with the upper electrode 200 shown in FIG. 11, the
horizontal position of the edge gas discharging openings can
be adjusted, and, at the same time, the vertical position of the
edge gas discharging openings can also be adjusted by
varying the thickness of the gas hole formation plate 230.

In an upper electrode 200 shown in FIG. 12, the gas hole
formation plate 230 shown in FIG. 7 for adjusting the
vertical position of the edge gas discharging openings is
applied to the edge gas inlet section 206 shown in FIG. 9
configured to adjust the horizontal position of the edge gas
discharging openings.

To elaborate, as depicted in FIG. 12, gas holes 232a, 2325
and 232¢ corresponding to gas holes 214a, 2145 and 214¢ of
an edge gas inlet section 206 respectively are formed in a gas
hole formation plate 230. An electrode plate 210 on a bottom
surface of a center gas inlet section 204 is formed to have the
substantially same size as that of the center gas inlet section
204. The gas hole formation plate 230 is provided at a
bottom surface of the edge gas inlet section 206 (i.e., a
bottom surface of an electrode supporting member 220) via
a bellows 244 to be vertically movable. The configurations
of the bellows 244 and an elevation driving unit of the gas
hole formation plate 230 are the same as shown in FIG. 7.

In a space within the bellows 244, there are provided
flexible tubes 246a, 2465 and 246¢ that allow the gas holes
232a, 23256 and 232c¢ of the gas hole formation plate 230 to
communicate with the gas holes 214a, 2145 and 214¢ of the
edge gas inlet section 206 corresponding to the gas holes
232a, 232b and 232c, respectively. With this configuration,
an edge gas is introduced into the flexible tubes 2464, 2465
and 246c¢ and then is discharged from one or more of the
rows of gas holes 232a, 2325 and 232¢ of the gas hole
formation plate 230. In accordance with the upper electrode
200 shown in FIG. 12, the horizontal position of the edge gas
discharging openings can be adjusted, and, at the same time,
the vertical position of the edge gas discharging openings
can also be adjusted by vertically moving the gas hole
formation plate 230.

Further, although the above-described illustrative
embodiments have been described when forming the gas
holes for the edge gas serving as the edge gas discharging
openings and the gas holes for the center gas serving as the
center gas discharging openings to have the same diameter,
the illustrative embodiments are not limited thereto. By way
of example, the diameter of the gas holes for the edge gas
may be formed to be smaller than the diameter of the gas
holes for the center gas. With this configuration, a diffusing
range of the edge gas can be decreased as compared to a
diffusing range of the center gas. Thus, in the above-
described illustrative embodiments, the edge gas can be
suppressed from being diffused to the center region of the
wafer W more efficiently. As a result, controllability of a
process on the edge region of the wafer W can be further
improved.

Moreover, in the above-described illustrative embodi-
ments, although the gas holes for the edge gas and the gas
holes for the center gas are vertically formed, respectively,
the illustrative embodiments may not be limited thereto. By
way of example, only the gas holes for the edge gas may be
formed to be inclined outward. In this configuration, since
the edge gas can be discharged toward the more outer side,
the edge gas can be suppressed from being diffused to the
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center region of the wafer W more efficiently. As a result,
controllability of a process on the edge region of the wafer
W can be further improved.

In addition, in the above-described illustrative embodi-
ment, the gas supply device 300 is configured to supply a
processing gas from the processing gas supply unit 310 into
the center gas inlet section 204 and the edge gas inlet section
206 after splitting the processing gas. However, a processing
gas may be supplied into the center gas inlet section 204 and
the edge gas inlet section 206 independently without being
split. In such a case, two processing gas supply units 310
may be provided to supply processing gases into the center
gas inlet section 204 and the edge gas inlet section 206,
respectively.

While various aspects and embodiments have been
described herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for the purposes of illus-
tration and are not intended to be limiting. Therefore, the
true scope of the disclosure is indicated by the appended
claims rather than by the foregoing description, and it shall
be understood that all modifications and embodiments con-
ceived from the meaning and scope of the claims and their
equivalents are included in the scope of the disclosure.

By way of example, she above illustrative embodiments
have been described for the plasma processing apparatus
that generates plasma by applying dual high frequency
powers only to the lower electrode. However, the illustrative
embodiments are not limited thereto but may be applied to
a plasma processing apparatus that generates plasma by
applying a single high frequency power only to the lower
electrode or that generates plasma by applying dual fre-
quency powers to the upper electrode and the lower elec-
trode respectively.

Furthermore, the illustrative embodiments are not limited
to such parallel plate type capacitively coupled plasma
processing apparatuses, but may be applied to other types of
plasma processing apparatuses such as an inductively
coupled plasma processing apparatus (ICP).

Besides the plasma processing apparatus, the illustrative
embodiments may also be applicable to other various types
of substrate processing apparatuses, such as a sputtering
apparatus, a heat treatment apparatus and a film forming
apparatus, having a configuration in which a gas is supplied
to a center region and an edge region of a substrate indi-
vidually.

The illustrative embodiments may be applicable to a
substrate processing apparatus that performs a required
process on a substrate within a processing chamber by
supplying a gas to the substrate.

What is claimed is:

1. A substrate processing apparatus for performing a
process on a substrate disposed within a processing chamber
by supplying a gas to the substrate, the apparatus compris-
ing:

a gas introducing unit configured to supply one kind of
gas or different kinds of gases to a center region and an
edge region of the substrate,

wherein the gas introducing unit comprises:

a center gas inlet section having a multiple number of gas
holes for a center gas to be supplied toward the center
region of the substrate;

an edge gas inlet section having a multiple number of gas
holes for an edge gas to be supplied toward the edge
region of the substrate and surrounding the center gas
inlet section; and
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an edge gas discharging position adjusting unit configured
to adjust a horizontal position or a vertical position
from which the edge gas is discharged through the gas
holes of the edge gas inlet section, the edge gas
discharging position adjusting unit being a separate
member from the edge gas inlet section,

wherein the edge gas discharging position adjusting unit
includes a multiple number of gas openings,

the edge gas discharging position adjusting unit is dis-
posed below the edge gas inlet section and is not
disposed below the center gas inlet section, such that a
bottom surface of the edge gas discharging position
adjusting unit is located same as or lower than a bottom
surface of the center gas inlet section,

centers of the multiple number of gas openings coincide
with centers of the multiple number of gas holes for the
edge gas, and

the center gas inlet section and the edge gas inlet section
are formed as a single body.

2. The substrate processing apparatus of claim 1,

wherein the edge gas discharging position adjusting unit
is configured to adjust a vertical position from which
the edge gas is discharged by providing a gas hole
formation plate having the gas openings communicat-
ing with the gas holes of the edge gas inlet section at a
bottom surface of the edge gas inlet section.

3. The substrate processing apparatus of claim 2,

wherein the gas hole formation plate is detachably pro-
vided at the bottom surface of the edge gas inlet
section, and the vertical position from which the edge
gas is discharged is adjusted by replacing the gas hole
formation plate with another gas hole formation plate
having a different thickness.

4. The substrate processing apparatus of claim 2,

wherein the gas hole formation plate is provided at the
bottom surface of the edge gas inlet section to be
vertically movable, and the vertical position from
which the edge gas is discharged is adjusted by verti-
cally moving the gas hole formation plate.

5. The substrate processing apparatus of claim 1,

wherein the edge gas discharging position adjusting unit
includes a multiple number of rows of the gas openings
arranged in the edge gas discharging position adjusting
unit from the inner side of the edge gas discharging
position adjusting unit toward the outer side thereof,
and the horizontal position from which the edge gas is
discharged is adjusted by selecting a row of the gas
openings.

6. A substrate processing apparatus for performing a

process on a substrate mounted on a mounting table within
a processing chamber by supplying a gas to the substrate, the
apparatus comprising:

a gas introducing unit configured to supply one kind of
gas or different kinds of gases to a center region and an
edge region of the substrate,

wherein the gas introducing unit comprises:

a center gas inlet section having a multiple number of gas
holes for a center gas to be supplied toward the center
region of the substrate;
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an edge gas inlet section having a multiple number of gas
holes for an edge gas to be supplied toward the edge
region of the substrate and surrounding the center gas
inlet section; and

an edge gas discharging position adjusting unit configured
to adjust both a horizontal position and a vertical
position from which the edge gas is discharged through
the gas holes of the edge gas inlet section, the edge gas
discharging position adjusting unit being a separate
member from the edge gas inlet section,

wherein the edge gas discharging position adjusting unit
includes a multiple number of rows of gas openings,

the horizontal position from which the edge gas is dis-
charged is adjusted by seclecting a row of the gas
openings by opening or closing valves connected with
processing gas supply lines for supplying the edge gas
into the row of the gas openings,

the edge gas discharging position adjusting unit is dis-
posed below the edge gas inlet section and is not
disposed below the center gas inlet section, such that a
bottom surface of the edge gas discharging position
adjusting unit is located same as or lower than a bottom
surface of the center gas inlet section,

centers of the gas openings coincide with centers of the
multiple number of gas holes for the edge gas, and

the center gas inlet section and the edge gas inlet section
are formed as a single body.

7. The substrate processing apparatus of claim 6,

wherein the multiple number of rows of the gas openings
are arranged in the edge gas discharging position
adjusting unit from the inner side of the edge gas
discharging position adjusting unit toward the outer
side thereof,

the edge gas discharging position adjusting unit also
includes a gas hole formation plate having the gas
openings respectively communicating with the gas
holes of the edge gas inlet section, and the gas hole
formation plate is provided at a bottom surface of the
edge gas inlet section, and

the edge gas discharging position adjusting unit is con-
figured to adjust both a vertical position and a horizon-
tal position from which the edge gas is discharged.

8. The substrate processing apparatus of claim 7,

wherein the gas hole formation plate is detachably pro-
vided at the bottom surface of the edge gas inlet
section, and the vertical position of the edge gas
discharging openings is adjusted by replacing the gas
hole formation plate with another gas hole formation
plate having a different thickness.

9. The substrate processing apparatus of claim 7,

wherein the gas hole formation plate is provided at the
bottom surface of the edge gas inlet section to be
vertically movable, and the vertical position from
which the edge gas is discharged is adjusted by verti-
cally moving the gas hole formation plate.
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